The development of competence for meiotic maturation during oogenesis in Xenopus laevis.
Meiotic maturation of large, 1.2-1.4 mm in diameter, stage VI oocytes of Xenopus laevis can be induced to mature in vitro by exposure to progesterone or by microinjection of maturation-promoting factor (MPF). Small, 0.95 mm in diameter, stage IV oocytes do not respond to progesterone but do undergo germinal vesicle breakdown (GVBD) in response to microinjection of MPF. The possibility that small oocytes are nonresponsive to progesterone due to a specific defect in an event known to occur with large oocytes is investigated. Both large and small oocytes possess a plasma membrane steroid receptor (Mr = 110,000) as measured by photoaffinity labeling with [3H]R5020, but the density of receptors in small oocytes is only 20% of that in large oocytes. Adenylate cyclase activity stimulated by guanyl-5'-yl-imidodiphosphate is equally inhibited by steroid (50%) in plasma membranes from both large and small oocytes with an apparent IC50 of 2 X 10(-7) M progesterone. Microinjection of the heat-stable inhibitor protein of cAMP-dependent protein kinase induces GVBD in large but not in small oocytes. These results indicate that the nonresponsiveness of small, stage IV oocytes to progesterone is due to a deficiency in an event(s) subsequent to cAMP fluctuations but prior to MPF action.